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It has been pointed out that Alexander's Molybdate 
Method for lead gives inconsistently varying results 
when oalcium is present in the ore. Low-- Technioal 
Method of Ore Analysis, 5th Edition, page 152--says:-
"Calcium forms a molybdate which is more or lass insol-
uble under the conditions of the titrution and tends to 
raise the re'sults in an irregular manner." Furman and 
Pardoe--Man~al of 'Practical Assaying, 7th Edition, page 
156--say:- "If oaloium is present in the ore it must be 
removed, as. it forms a molybdate on titration which is 
not entirely soluble under the conditions of the ti-
tration. Irving Bull--Sohool of Mines Quarterly, Vol-
ume 23, page 348--givea the result of a number of exper-
iments with lead and varying amounts of oaJcium, whioh 
show no variatjona due to the presenoe of oalcium, even 
when the amount of caloium is twioe the amount of lead. 
It was to olear up this ap~arent contradiction and to 
find the true effeot of the presence of oalcium on the 
titration in the molybdate method, that this investiga-
tion was started. 
- II -
EXPERIMENTAL. 
(a) Preliminary Runs. 
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The method first employed was to take a lead 
solution of known strength, add varying amounts of oa1-
oium, and run this solution for lead acoording to the 
regular Alexander method. 
The following solutions were employed;-
A lead nitrate solution oontaining .006 grams 
Pb per 0.0. 
Ammonium molybdate solution equivalent to .005 
grams Pb per 0.0. The solution was standardized against 
c.p. Pb SO~. 
Caloium ohloride solution oontaining .005 grams 
C.Oper 0.0. 
Tannio aoid solution (1 - 300). 
Fifty o. o. of the Pb (N0.1),f" solution was taken 
eaoh time and varying amounts of Os O~adde4. The so-
lution was taken down until all the water was evaporat-
ed off. allowed to 0001 and 10 c.o. of l\. 80~ (~.Gr.l.84) 
added and taken down over a free flame to oopious S03 
fumea. This was allowed to 0001, diluted to 75-100 0.0. 
with cold water and filtered through a fine filter pa-
p.r.~he sulphatee were washed five times with (1 - 10) 
3 
H~SO, anu two or three times with alcohol. The filter 
paper oontaining the 8ulphates was p1aoed in a beaker, 
NHl\- 0,2, H3 02. and 20 - 30 0.0. water added. This vIas boiled 
gently until all the su1phates were dissolved, more N~ C~ 
H3 OLand water being added, if neoessary. After the au1-
phatee were dissolved, the solution was diluted to 160 
0.0 •• 3 - 4 0.0. HC~ H, 0!l,. added, brought to a boil and 
titrated with the standard solution of (UHIT)a.MO O"until 
the first brown color was reaohed, tannic aoid being 
used aa indioator. 
Table ! tabulates the results obtained. 
Lead Oa 0 ( nH~)1.o Mo 011 
!To. 0.0. O:.f. 005 solution. 
Milligrams :Milligrams Kelly Knappenberger 
250 000 50.00 50.00 
260 600 53.80 -----
250 250 51.74 52.12 
250 260 61.36 51.76 
250 200 51.40 61.30 
250 200 52.10 51.17 
250 150 62.31 61.52 
260 160 61.50 51.94 
260 100 52.90 53.06 
250 100 62.80 51.75 
260 50 51.50 52.'11 
250 60 61.10 60.94 
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As is shovm in Table 1, hieh results were ob-
tained, whioh varied in an irregular manner, the per-
centage excess being in no way proportional to the a-
mount of calcium present. But this was to be expected, 
due to the number of variables present. Due to the $-
solubility of Ca SO,in water and in dilute H,SO" the 
amount of calcium present when the solutions were ti-
trated was much less than the amount added, and the 
amounts less in the various instances were not propor-
tior~l, due to the differenoe in treatment reoeived by 
eaoh, such aa amount of waehinS,dilution eto. The a-
mount of lTH~C.2..HJ02.present in eaoh also varied somewhat. 
The Oa SO~was 60 diff1.oult to dissolve in the UH.,C~H30~ 
that much more was added when the amount of calcium was 
high. 
(b) The affect.of ammonium acetate on the Bolubility 
of the lead molybdate. 
To determine the effeot of l!HJf C~ ~ 0-b alone on the 
titration, when no calcium was present, a Pb (~~q)~ 
solution oontaining .00.5 grams of Pb per c.o. wae made 
up, and 60. 0.0. of this solution was run with varying 
amounts of the ERJi 0.2, HI 0.;, 
The results obtained are tabulated in Table 2. 
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Table 2. 
Pb 'trH~ 02. H3 0, 'liT (!lH~ )~ Mo Oll 
Milligrams . rams .uo.o.o. of .005 solution 
l:elly I:nappe:r:berger 
250 0.00 50.0 50.0 
250 5.00 50.0 50.0 
250 10.00 50.0 50.1 
250 15.00 50.0 50.0 
250 25.00 50.0 50.0 
250 30.00 50.0 50.0 
As is seen froD Table 2, ~!H~C.l,H30t' even when 
present to near saturation, has no solvent effect on 
the lead molybdate found. 
With the large amounts of IIH'7C~ H3 0,tf the end :points 
were not good and the volume of solution to be titrated 
had to be increased. 
(0) Determination of solubility of caloium molybdate 
under conditions of titration. 
To determine whether caloium, when present alone 
in solution, would form an insoluble molybdate under 
the conditione of the titration, the following experi-
ments were made: The Ca Cl~ solution was neutralized 
wi th UHJ.j 0 H, 3 - 4 o. c. HC~ H3 02, added find (NH.y ~ Mo 0'1 
passed into the solution until the first brovm tinge ap-
6 
peered in the indicator. 




(IDly )~ Mo O~ 





The results of Table 3 show, since .4 is the 
blank for the standard used, that in a hot slightly 
aaid aoetate solution no insoluble oalcium molybdate 
is formed. 
(d) The effeot of oalcium on the titration with no 
NH~C ... HJ 0 .... present • 
To determine the effeot of oalcium on the titra-
t ion Y/hen lead was pre sent, but no HI~ C~ 1~ O~ • the fol-
lowing experiments were performed:-
A constant amount of Pb ( C!l..H,O;t.)<., was taken and 
variable a.mounts of Oa Cl.t, added. ur,..o H added drop by 
drop until the slight amount of free aoid in the Oa Cl~ 
solution was neutralized, then 3 - 4 0.0. H~HJO~adde4. 
The solution,was brought to a boil and titrated with 
the (l{H~).a, Mo 0'1 solution. While there is some NH+,C4, H, Ot., 
present, due to the few drops of NH;O H added, it is 60 
7 
slight it can be oonsidered to have no effeot. 
The- results obtained are tabulated in Table 4. 
Table 4. 
Ph Ca 0 (r:TH" ~ Mo 0" 




































































(8) The effeot of barium in tho titration with~am-
monium aoetate present. 
A Ba C1~801ution containing .006 grams Ba 0 per 
8 
o. o. vIas used and the effeot of the barium upon the ti-
tration was determined in the same manner as for Oa O. 
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From the results shown in Table 4 and 0, it is 
evident that high results are obtained when oa.lcium or 
barium are present. It ulso shows that the increase in 
the number of o.o.'s used and the amount of calcium or 
barium present, are proportional in a very consistent 
manner up to 100 milligrams, then an inorease in the 
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amOllnt of Os 0 or Be. 0 present seams to have a small and 
v.~ irregular effeot. From the resultSit seems that oom-
plex molybdates of oaloium and lead and barium are form-
ed, whioh oause the use of much more molybdate and hence 
the high result. 
The inconsistencies in variations when'no more 
than 100 milligrams of Ba 0 or Os a are present oannot 
be readily explained, but it seems, from observations 
made on the different experiments, that such factors as 
heat, rap1dit~ of adding the molybdate, and the solu-
bility of the molybdate formed causes these variations. 
(f) The effect of ammonium acetate on the titration 
with constant amounts of lead and oalcium. 
The next step was to determin~ the solvent effeot, 
if any, of NH~OLHJO~on the oalcium lead molybdates form-
ed. Constant qua.ntities of the Pb (02. ~, 0.1.)", solution 
and Oa Cl.t.solution were taken t neutralized with ~TH'(i.OH, ( 
the Pb (OH)~formed being dissolved in HC.2.H30~and the so-
lution titrated in the usual way. 
Table 6 shows results obtained. 
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Table 6. 
Pb Ca 0 1IH yC!l. H, 0" ( lUI y ),2, 110 0 ¥ 
Milligrams I.:illigrams Grams l~ 0 • C • C • 0 -f- • 00 5 sol u t 1 on 
Knappenberger 
250 200 00.0 54.60 
260 200 5.0 54.48 
am 200 lQ .• 0 53.41 
260 200 16.0 52.35 
250 200 20.0 51.16 
250 200 25.0 49.63 
250 200 30.0 48.50 
6 a 
Pb Co. 0 nII'iu:;:1r;"o~ (NE.,,)~ Me OAf 
1:111 igrams t:111ie;rams Grams no.o.o.o~.005 solution 
Kelly 
250 100 00.0 53.73 
250 100 6.0 53.60 
250 100 10.0 63.18 
250 100 15~0 62.46 
260 100 20.0 61.60 
260 100 25.0 50.96 
250 100 30.0 46.66 
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6 b 
Pb Ca G ImCJC~H3 OAo (NH~) Mo Oy 
Milligrams Milligrams Grams No.o.o.Of .01>5 solution 
260 50 00.0 
Knappenberger 
53.60 
260 50 6.0 53.35 
260 50 10.0 52.65 
250 60 15.0 51.55 
250 50 20.0 50.84 
250 60 26.0 48.90 
250 50 30.0 48.30 
From Table 6 it is apparent that NH~C~H30~haS a 
solvent effeot on the oompound formed when oaloium is 
pre.ant. This solubilit,y varies in a very rough manner 
with the amount of NHyO~HJO~present. That is, the more 
lm¥C&R30~we have present the lees the number of 0.0. of 
(NH¥),MO O¥required. With the 60, 100 and 200 milligram 
portions of .Ca 0, when 26 and 30 grams of NH¥O~R,O~was 
• 
taken, the number of o.c. of (NH~~Mo O¥required was less 
than the number required for 250 milligrams of Pb alone. 
This oannot be olearly explained until more is known of 




As was stated in the introduotion, the investi-
gation was oarried on firat,to olear up the apparent 
oontradiotion in the evidenoe of Irving Bull and the 
writings of Low, Furman and Pardoe, and others, and. se-
cond, to find the true effect of caloium when present 
in the titration. 
Irving Bull, in a number of experiments, carried 
on with Oa CIt-solution and a. Pb (C.t.H3 O~ )",. solution. found 
that the oaloium had no effeot even when there waa twioe 
Ca. 0.' "the 
as muoh lead present. In his desoription of the manner ,., 
of oarrying out the experiments he is very vague, so 
that no explanation as to the difference in results ob-
tained by him can be given. It is apparent that he eith-
er converted his lead and oaloium to Bulphates, then dis-
solved them in NH¥C~R30~eto., and then titrated or else 
titrated the solutions without the oonversion to sul-
phates. Either method of prooedure should have given 
high results, the variations being more marked and more 
nearly proportional by the latter method, and it is dif-
fioul t to understand hoVl he obtained results ched.king within 
Ie sa than three hundred the of a o. c. Y,; i th such large 
amounts of calcium present. 
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He also oarried on a number of experiments with 
barium present, and again his method of prooedure is 
very vague, but it is apparent that he followed one of 
the two methods outlined above. In these experiments he 
found that the presence of barium gave low results, and 
when the amount of barium present was approximately 
equal to the amount of lead,that about 20% less (NH~Q~ 
Mo O¥was required. Here again his results vary widely 
from those of this investigation. As is seen from Table 
6, as the barium oontent inoreases,the number of o.o.'s 
of (NH4I)!L Mo 0." required for the same amount of lead in-
oreases, and when lead and barium are present in equal 
amounts, about 201~ exoess CNHSt)~ Mo 0lf is re.quired. 
no sa.tisfactory explanation for this very wide 
disorepanoy can be given, unless Bull oonverted hie 
barium and lead to sulphates and in dissolving them in 
HHIfC~ K~ O!l." failed to get all his lead in solution, due 
'tts 
to the presence of barium and ~ retarding effect on 
solution (cf.Low, 5th Edition, page 148). 
The statement of Low and Furman and Par(t'o.e that 
insoluble oaloium molybdates are formed under the con-
ditione of titration, oertainly nee~rnodifioation, as 
is ahovm in the results tabulated in Table 3 and was 
probably made without definite experimental pro~f. 
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'iIhile this investigation does not completely 
solve the problem as to the exact nature of the effacts 
observable in tho lead titrations when calcium and bar-
ium ure present, it <.loes indicate ve,ry clearly to what 
these discrepancies are due, und suggests lines of fur-
ther investigation which Vlill clear the matter up, and 
no doubt sUbstantiate the concluoions drawn herein. 
Due to lack of time, these investigations were not tak-
en up, but suggestions as to their nature are given for 
future work. 
The investigation shows that results are high 
when oaloium or barium are present, that these are not 
due to an insoluble oalcium or barium molybdate, but 
rather to soma complex molybdate of oalcium and lead 
or barium nnd lead. From the work done but little oan 
be said as to the aotual oomposition of this molybdate. 
Analyzation of the precipitates for Ca, Pb and Me, 
would olear up this problem. This, however, presents 
its diffioulties, as getting the precipitate away from 
.' 
the solution oompletely without changing ita conatitu-
tion, would be difficult. ~aking a constant amount of 
calcium and varying the lead, a,nd oonduct:1ne the ex-
periments in ~he same manner as those described for 
lead, with varying amounts of oaloiun!, would aleo give 
15 
more information as to the oonstitution of the preoi-
pitate formed. The investigation also shows that this 
oomplex molybdate formed where oaloium is present, is 
somewhat soluble in In1¥C~H30~and that due to this, low 
results might be obtained under oertain oonditions. 
- IV -
SUMMARY. 
The investigation proves the fo11owing:-
(1) The NHyO~HJ~' even when present to saturation, 
has no solvent effeot on the lead molybdate formed in 
the titration. 
(2) Under the oonditions of titration (when no leed 
is present) an insoluble oalcium molybdate is not form-
ed. 
(3) 'Vhen oaloium or barium is present in the titra-
tion, oomplex oaloium lead molybdates or barium lead 
,..."."'..1 mol~bdat8B are~forme4 whioh give high values. The e~ 
08.8 of ammonium molybdate required is proportional to 
the amount of barium or oaloium present to a maximum 
point, above which there is no fttr.ther inorease. 
if (4) The oaloium lead molybdatesAformed are somewhat 
soluble in NH"O,t.H3 0" , the solubility being :proportional 
to the oonoentration of the ITa" C.t, H) O~ This sol vent ao-
16 
tion deoreas8a the effeot of the oalcium lead molybdate 
and under oertain oonditione will even give low re-
Bults. 
